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Abstract 
Geological as well as lithological interpretations of subsurface condition from Radar image are of great interest.  
Conventionally, geological features are derived visually from the images. Patterns associated with geological structures/ 
features are recognized.  Attempts to interpret lithological as well as structural geological features deeper than 1 - 10 
meters are of course challenging. This research is in the early stage of an attempt to derive lithological and geological 
features from Radar image conducted in the Department of Geophysical Engineering of Institute of Technology 
Bandung, Indonesia. In this stage, we tried to derive geological structures and other features visually from JERS-1 SAR 
data from Cepu area in Central Java Province, Indonesia, in which a huge oil reservoir located.  Conventional image 
processing flows applied on the data could improve data quality that lead to more interpretability of the data. Eleven 
anticlinal folds and one faulted anticlinal fold were detectable. These folds could be identified based on their 
characteristics: coarse textures and high brightness values, folded form or horizontally folded and symmetrical or 
repetitive patterns. Shear fault structures could also be identified based on the appearance of lineaments intersecting 
folds. A small difference in structure orientation interpretation from image-derived structures and the geological 
structure map could be resulted from the error in the process for geometric correction, especially for structures located 
outside ASTER image coverage acting as geometrical correction reference. Even for structures inside the ASTER image 
coverage, Digital Elevation Modeling (DEM) technique should be incorporated in the processing for better results in the 
determination of structures orientation.   
 
 
1. Introduction 
Interpretation of subsurface condition from Radar image is of great interest, covering surface as well subsurface features 
with resolution much higher than resolution offered by radar technique. Lithological as well as geological informations 
extracted from the image could be of higher value. Conventionally, geological features are derived visually from Radar 
images (Sabins, 1997). Patterns associated with geological structures/features could be detected. Oil seeps occurrence 
under ocean could also be recognize in radar image. This leads sometimes to the discovery of oil and gas fields in 
frontier areas.   
In nature, Oil and gas were trapped at a depth below 400m – 700m. In Indonesia, their occurrence could be in shallow 
reservoir at a depth of 200m-500m and in reservoir at deeper depth. In other side, informations extracted from remote 
sensing data provide just some 10 centimeters – 1 meter thick subsurface condition. That makes remote sensing data 
used only in the reconnaissance survey. Traditionally, seismic technique is the only primary method applied for oil and 
gas exploration. However, some fieldworks recognize the use of remote sensing data in the late stage of oil and gas 
exploration for some purposes. Seismic surveys, which are the routine method for defining drilling prospects can not be 
carried out in the most of Petroleum Prospecting Licenses (PPL) operated by Chevron Corporation in Papua New 
Guinea for two reasons: (1) inaccessibility and rugged topography causing expensive exploration, and (2) scattering of 
seismic energy which results in very poor data (Sabins, 1997). It is therefore better to incorporate remotely sensed data 
in late stage of exploration. An attempt to interpret lithological as well as structural geological features deeper than 1 - 
10 meters is therefore a challenging task. That depth is, in the first approximation, appropriate for geotechnical and 
environmental purposes. This could more likely be carried out using correlation between remotely sensed data and data 
derived from surface measurement. Another better method would be derivation of physical mechanisms between 
electromagnetic waves and their interaction with subsurface media. We are now in the early stage of our attempts to 
obtain techniques that make deeper interpretation of radar data possible.  
In this research, we tried to derive geological structures and other features visually from JERS-1 SAR data from Cepu 
area, Central Java Province, Indonesia, in which a huge oil reservoir located. Figure 1 and figure 2 show the study area 
and its geological structures. The study area located in the coordinates 6˚ 29’ 14.09” S – 7˚ 17’ 39.42” S and 111˚ 27’ 
4.32” E – 112˚ 18’ 9.19” E. This area comprises of part of Randblatung and Rembang zones. This zone is geologically 
dominated by anticlinal folds structure with East-West orientation. In this zone is more than 20 oil fields, which are 
developed since 1893, located. This zone has potentially the biggest hydrocarbon accumulation among other zones in 
the surrounding areas. The use of geological map is intended to get better understanding of geological features and 
structures that could be recognized in the Radar image. Since we are still in the first stage to work with radar data, we 
applied conventional image processing flows. We hope that such image processing flows are sufficient to improve data 
quality that lead to more interpretability of the data.  
 
                             
 
Fig. 1: Cepu Study Area is located in Central Java Province, Java Isle, Indonesia, in the coordinates 6˚ 29’ 14.09” S – 7˚ 
17’ 39.42” S and 111˚ 27’ 4.32” E – 112˚ 18’ 9.19” E. A huge oil and gas reservoir was found to be at 200-400 m depth. 
 
   
 
                          
 
Fig. 2: Geological Structure Map of study area showing anticlinal folds and their orientations (Darman & Sidi, 2000). 
The study area is located in some part of Randublatung and Rembang areas. This zone has potentially the biggest 
hydrocarbon accumulation among other zones in the surrounding areas.  
 
 
2. Data and Data Processing 
JERS-1 as well as ASTER images for this research were available from Remote Sensing Research Center - Panditho 
Panji Foundation, Bandung – Indonesia and ERSDAC of Japan. Combining with data from field observation, we 
processed the JERS-1 image using following data processing flows: radiometric correction (speckle reduction) with 
low-pass filtering, geometric correction (image rectification) with least-square polynomial regression, image sharpening 
with linear contrasting and high-pass filtering. Speckle reduction was carried out using two types of filters: 3x3 and 5x5 
median filters. Beside visual appearance, we used ratio between deviation standard σ and statistic mean µ (= σ/µ ratio) 
as other criteria. Images with the smallest σ/µ ratio were taken to further processes. Geometric corrections were applied 
with image rectification. ASTER image was acted as reference image in this process. Objects which clearly identified in 
the images were selected as ground control points (GCPs). Distribution of GCPs as well as their correspondence points 
in the SAR image could be easily done since we marked all the points during field observations. Image sharpening was 
carried out through 2 consecutive techniques: image contrasts sharpening and special filtering. Autoclip transform was 
adopted for the image contrast sharpening. 3x3 high-pass filtering was then applied after image contrast sharpening. All 
these processing steps were conducted using ER Mapper 6.4 software available in our Department. Figure 3 shows raw 
image of study area. The area is quite easily accessible. Rectangle in red denotes area used for comparison in speckle 
reduction processing step. Geometric correction is applied using JERS-1 SAR and ASTER images. For this purpose, 
distribution of control points in the JERS-1 SAR image and their reference points in the ASTER image is shown in the 
figure 4. Figure 5 shows processed JERS-1 SAR image after image sharpening. Image histogram after application of 
high-pass filtering is shown in the right side of the figure.  
 
                            
 
Fig. 3: Raw SAR image of study area.  Area for speckle reduction 
processing step is shown in red rectangle. 
 
          
  
Fig. 4: Distribution of ground control points (GCPs) in the JERS-1 SAR image (left) and their reference 
points in the ASTER image (right) for image rectification in the geometric correction processing step.  
These points could be easily recognized in field observation. 
 
             
 
Fig 5: processed JERS-1 SAR image after image sharpening (left) and an example of applied parameter for  
this image sharpening. Data histogram of the image after high-pass filtering application is shown (right). 
 
3. Data Interpretation 
Processed image combining with geological structures map were available in the interpretation stage. Two types of 
geological structures were identifiable in the processed image: anticlinal folds and faults. Eleven anticlinal folds and 
one faulted anticlinal fold were detectable. Four and five anticlinal structures have NW-SE and SW-NE orientation 
respectively. Only 1 anticline was found with W-E orientation. These folds were identified based on their characteristics, 
i.e. coarse textures and high brightness values, folded form or horizontally folded and symmetrical or repetitive patterns. 
Figure 6 shows interpreted anticlinal folds and fault. White solid lines denote fold structures and white dashed line 
denotes shear fault. Identification of these anticlinal structures was quite easily carried out in the images. 
Shear fault structure was identified based on the appearance of lineaments intersecting folds. Figure 7 is image fraction 
showing area in the adjacent of interpreted fold no. 1 and shear fault. Symmetrical axes are denoted by blue arrows. 
These results have been compared with geological structure map. Based on this comparison, 3 anticlinal structures, i.e. 
anticline 4, 5, 6, were found to be declined from their orientations in the geological structure map. The difference in 
structure orientation interpretation from image-derived structures and the geological structure map is more likely 
resulted from the error in the process for geometrical correction, especially for structures located outside ASTER image 
coverage acting as geometrical correction reference. Moreover, for structures inside the ASTER image coverage, Digital 
Elevation Modeling (DEM) technique should be incorporated in the processing flows in order to get better results in the 
determination of structures orientation. 
 
4. Conclusion 
Interpretation of subsurface condition from Radar image is of great interest, either structurally/geologically or 
lithologically. In conventional way, geological features and structures are derived visually from the Radar images. 
Patterns in the image are tried to be identified and recognized as objects associated with geological structures/features.  
Attempts to interpret lithological as well as structural geological features from the images for subsurface media deeper 
then, say 1-10 meters are of course challenging. This 1-10 meters range is, in the first approximation, suitable for 
geotechnical and environmental purposes. This research is in the early stage of an attempt to derive lithological and 
geological features from Synthetic Aperture Radar (SAR) image conducted in the Department of Geophysical 
Engineering of Institute of Technology Bandung, Indonesia. In this stage, we tried to derive geological structures and 
other features visually from JERS-1 SAR data from Cepu Area, in which a huge oil reservoir located. Cepu area situated 
some part in the Randublatung and other part in the Rembang zones. This zone is well-known as a zone which has 
potentially the biggest hydrocarbon accumulation among other zones in the surrounding areas. Application of 
conventional image processing flows on the data has improved data quality that lead to more interpretability of the data.  
Eleven anticlinal folds and one faulted anticlinal fold were then detectable. These folds were identifiable based on their 
characteristics: coarse textures and high brightness values, folded form or horizontally folded and symmetrical or 
repetitive patterns. Shear fault structures are also be identifiable based on the appearance of lineaments intersecting 
folds. A small difference in structure orientation interpretation from image-derived structures and the geological 
structure map was found. This could be resulted from the error in the process for geometric correction, especially for 
structures located outside ASTER image coverage acting as geometrical correction reference. In order to provide better 
results in the determination of structures orientation, even for structures inside the ASTER image coverage, Digital 
Elevation Modeling (DEM) technique should be incorporated in the processing steps. 
 
                      
      
Fig. 6: Interpreted folds (denoted by white solid lines) and fault (white dashed line) in the study area. These anticlinal 
folds are some of 11 anticlines structures found in the study area. Most anticlines have E-W orientations. 
                       
 
Fig. 7: Image fraction showing more detailed area in the adjacent of interpreted fold no. 1 and shear fault. 
Arrow signs denote symmetrical axes. 
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